The multifunctional nature of classical microsomal glucose-6-phosphatase (D-glucose-6-P phosphohydrolase, EC 3.1.3.9) is now well documented (see, for example, refs. 1-8). Inherent in the reaction mechanism proposed by Arion and Nordlie2 to describe the variety of phosphohydrolase and phosphotransferase reactions catalyzed by the enzyme is the mutual competitive inhibition of various phosphohydrolase activities by other phosphate compounds that function as alternate substrates. Such competitive inhibitions of glucose-6-P hydrolysis by PPi, and of PPi hydrolysis by glucose-6-P, have been previously observed experimentally.1' 6, 8 Recently we have investigated possible similar inhibitory effects of nucleotides, some of which also serve as substrates3 for both phosphohydrolase and phosphotransferase activities of this enzyme. The results of kinetic studies of inhibitions of glucose-6-phosphatase by ATP and a variety of other nucleotides over a wide range of pH (pH 5-8), and the modifying effects of certain detergents thereon, are discussed in this paper.
Results.-The results of kinetic analyses of inhibitions by ATP of glucose-6-P phosphohydrolase activity at a variety of assay mixture pH values in the range pH 5.0-8.0 are compiled in Table 1 . Activities were measured, in the absence and presence of ATP, as a function of glucose-6-P concentration which was varied from 1 to 10 mM. Data were plotted in conventional double-reciprocal form'2 and Ki(ATP) and Km (glucose-6-P) values were calculated'3 on the basis of x-axis intercepts of extrapolations of experimental plots obtained both in the absence Because of the possible physiological significance of nucleotide inhibition in the regulation of glucose-6-P phosphohydrolase suggested by the above observations, the phenomenon was investigated in some detail at pH 7.5. Increasing inhibitions with progressively elevated concentrations of ATP were noted, both in the absence and presence of cetrimide (see Fig. 1 ). The kinetics of inhibition by various levels of ATP were studied in the experiment described in Figure 2A . Inhibitions by all concentrations of ATP studied were competitive, as indicated by the common point of interaction of extrapolations of all experimental lines on the y-axis of the plot of reciprocals of activity against reciprocals of substrate concentrations. Kj values determined with all three concentrations of ATP were in good agreement (see Fig. 2A ).
The results of similar kinetic studies, carried out in the presence of the detergents palmityl-Co A'1 (4.1 X 10-5 M in assay mixtures), lysolecithin (0. 4 The effects of various concentrations of these same detergents on kinetic parameters are summarized in Table 2 . In all instances, kinetic studies similar to those presented in Figures 2 and 3 were carried out and the various kinetic parameters were evaluated from double-reciprocal plots of data obtained, as described above. Significant variations of both K,(ATP) and Km(glucose-6-P) values with changes in concentrations of each detergent were apparent. The possible physiological significance of these observations is considered in the Discussion below.
The results of studies of the possible inhibitory effects of a large number of additional nucleotides, a nucleoside, PPi, and Pi are summarized in Table 3 . In these studies, the indicated concentrations of nucleotides, nucleoside, PPi, or Pi were included in assay mixtures together with 1.87 mM glucose-6-P. Corresponding assays were carried out concurrently in the absence of nucleotides, and inhibitions were calculated as (acitvity without nucleotide minus activity with nucleotide present) X 100/(activity observed without nucleotide). K, values for the various nucleotides were calculated with the aid of rate equations (1) and (2), on the basis of the assumption that all inhibitions were kinetically competitive. Supplemental, more detailed kinetic studies revealed that inhibitions by ADP and PP1 were indeed competitive. Significant inhibitions were noted with a variety of nucleo-side triphosphate and diphosphate compounds, PP, and Pi. Inhibitions by nucleoside monophosphates, where observed, were much smaller than for the corresponding nucleoside diphosphate and triphosphate compounds. ADP was slightly more effective than ATP as an inhibitor in the absence of detergent. All inhibitions were significantly increased, and Ki values correspondingly decreased, when detergent-supplemented microsomal preparations were employed as enzyme source. Competitive product inhibition by Pi of glucose-6-phosphatase activity previously has been noted at pH 6.0 with fresh microsomes,'4 but potentiation of this inhibition by detergents has not previously been reported.
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Discussion.-In accordance with our earlier postulations'6 of the common identity of glucose-6-P phosphohydrolase, nucleotide-glucose phosphotransferase, and nucleoside diphosphate and triphosphate phosphohydrolase activities of liver microsomal glucose-6-phosphatase, a variety of nucleoside triphosphate and diphosphate compounds were found to inhibit competitively the hydrolysis of glucose-6-P. However, surprisingly, this inhibition by nucleotides was more pronounced at pH 7.5 and 8.0 than at pH 6.0-7.0. Nucleotide-glucose phos- photransferase activity, in contrast, has been observed only at pH < 6.5.3 It thus appears that such nucleotides may interact with the enzyme in a manner competitive with the binding of glucose-6-P even at pH values where phosphoryl transferase and nucleotide phosphohydrolase activities of the catalyst are not manifest.
The possible involvement of a second, nucleotide-sensitive phosphatase acting on glucose-6-P at the higher pH values studied appears unlikely on the basis of the experiments described in Table 4 . Little or no hydrolysis of ,B-glycerol-P, a preferred substrate for various nonspecific acid and alkaline phosphatases, was noted at pH 7.5 and 6.5. And more than 90 per cent of glucose-6-P hydrolase activity noted at all pH values studied was abolished by relatively mild heating of microsomal suspensions, while the comparatively modest amounts of detergent-stimulated acid phosphatase activity (,3-glycerol phosphatase activity) observed at pH 5.0 were stable to such heat treatment.
The inhibitions by nucleoside diphosphate and triphosphate compounds noted in these experiments appear to constitute a restraint mechanism, the existence of which has been postulated previously in a general fashion by Stadtman,'5 for the prevention of the "short-circuit" drainage of (nucleotide) energy in the cell through, for example, a metabolic sequence involving initial phosphorylation of glucose catalyzed by hexokinase or glucokinase (or phosphotransferase activity of glucose-6-phosphatase" 3 6), followed by the hydrolysis of the generated glucose-6-P via phosphohydrolase activity. Thus ATP can participate not only as phosphoryl donor in glucose-6-P synthesis, but also, through its inhibitory action (or, with approximately equal efficiency, that of ADP produced therefrom) on glu- 7.2 12.
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1.9 Assay mixtures contained 1.87 mM sodium glucose-6-P, 40 mM sodium cacodylate buffer, 0.32 mg microsomal protein, and indicated concentrations of nucleotides. Where indicated, microsomal suspensions had been supplemented with cetrimide, to 0.1%, w/v prior to assay. Km values for glucose-6-P, determined in the absence of nucleotides, were 3.8 mM in the absence of detergent and 1.1 mM in the presence of cetrimide. Other details are given in the text.
* Ki values are expressed in terms of mM concentrations.
cose-6-P phosphohydrolase activity, could act to restrain the enzymic hydrolysis of the hexose phosphate initially generated.
The observed inhibitions of enzymic activity by nucleoside diphosphates as well as nucleoside triphosphates also are consistent with such an energy-conserving mechanism, since ADP, through the intermediary action of adenylate kinase, may be considered to serve as the potential phosphoryl source for glucose phosphorylation.
The marked potentiating effects of the various detergents on the inhibition by nucleotides of glucose-6-P phosphohydrolase activity observed in the present studies are apparent from data in Tables 1-3 and Figures 1-3 . This potentiation of inhibition resulted due to the fact that, while the various detergents moderately lowered the Km value for glucose-6-P, the accompanying reductions in K1 values for nucleotides were much more extensive. The extent of inhibition at pH 7.5 of enzymic hydrolysis of normal levels of hepatic glucose-6-P (0.13 mM)26 by physiological concentrations of ATP plus ADP (6 mM),26 calculated with the aid of equations (1)- (3), is plotted as a function of varied concentrations of the individual detergents in Figure 4 . Moderate inhibition (23%) noted in the absence of detergent was elevated to as high as 75 per cent in the presence of optimal concentrations of cetrimide, and similar though lesser increases also were noted in the presence of palmityl-Co A27 and lysolecithin.27 These observations suggest that, although levels of liver glucose-6-phosphatase are significantly raised3' 23 and concentrations of ATP and ADP may be moderately reduced24' 25 in diabetes, potentiation by elevated levels27 of long-chain fatty acyl-Co A esters or other natural detergents of inhibition of glucose-6-P phosphohydrolase activity by existing levels of nucleotides may function to place an ultimate upper limit on the (accelerated) rate of release of liver glucose in diabetic animals in which gluconeogenesis is markedly accelerated. Such a control mechanism could complement regulation of hepatic glucose release through previously described" direct, differential effects of fatty acyl-Co A esters on hydrolytic and synthetic activities of this enzyme.
